Abstract. The causative molecular pathways underlying the pathogenesis of colorectal cancer (CRC) need to be better characterized. The purpose of our study was to better understand the genetic mechanism of oncogenesis for human colorectal cancer and to identify new potential tumor markers of use in clinical practice. We used cDNA microarrays to compare gene expression profiles of colorectal biopsies from 25 CRC patients and 13 normal mucosa from adjacent non-cancerous tissues. Findings were validated by real-time PCR; in addition, Western blotting and immunochemistry analysis were carried out as further confirmation of differential expression at a protein level. Comparing cancerous tissues with normal colonic mucosa we identified 584 known genes differentially expressed to a significant degree (p<0.001). Many of the transcripts that were more abundant in tumors than in non-neoplastic tissues appear to reflect important events for colon carcinogenesis. For example, a significant number of these genes serve as apoptotic inhibitors (e.g. BFAR, BIRC1, BIRC6). Furthermore, we observed the simultaneous up-regulation of HLA-E and the down-regulation of ß2-microglobulin; these genes strongly support a potential tumor escape strategy from immune surveillance in colon cancer tissues. Our study provides new gene candidates in the pathogenesis of human CRC disease. From our results we hypothesize that CRC cells escape immune surveillance through a specific gene expression alteration; moreover, over-expression of several survival genes seems to confer a more anti-apoptotic phenotype. These genes are involved in pathways not previously implicated in CRC pathogenesis and they may provide new targets for therapy.
Introduction
Colorectal cancer (CRC) is the third most common cancer in both men and women (1) . Despite several important advances in treatment and diagnosis, which have resulted in a doubling in the survival rate over the last 20 years, this disease remains one of the most frequent and deadly neoplasias in the Western world (2, 3) . The incidence and mortality of colorectal cancer increase with age, especially after 60 years of age (4) . Colorectal cancer is a heterogeneous disease arising from a complex series of molecular changes. The evolution of normal colonic mucosa to a benign adenoma, then to dysplastic cells, and finally to a potentially invasive cancer is associated with a series of genetic events occurring over a long period (5) . Furthermore, as with many other cancers, the development of colorectal cancer typically results from a complex interaction between genetic and environmental influences (diet, medications and life style) (6) . Molecular detection methods based on gene mutation determination for APC, p53 and K-ras, have been carried out for over a decade (7) . Despite the usefulness of these molecular markers, the applications remain limited for CRC patients; for this reason, new molecular markers are needed to improve diagnosis, prognosis and treatment. Microarray technology simultaneously providing information on expression levels of thousands of genes has revealed new potential diagnostic biomarkers and molecular targets for known chemotherapeutic agents and also for novel tumor treatment strategies (8, 9) . Recent studies suggest that DNA microarray profiling performed on clinical specimens may provide information directly applicable to cancer diagnosis (10, 11) . In addition to cancer diagnosis, gene profiling is being explored as a means of predicting tumor treatment response (12) .
In our study, we compared gene expression profiles of whole colorectal cancer tissues and adjacent non-cancerous mucosa from surgical resections, in order to improve our understanding of the genetic mechanism of oncogenesis for human colorectal cancer and to identify new potential tumor markers useful for clinical practice. In particular, use of cDNA microarray to assess the expression of approximately 19, 200 genes in 25 sporadic colorectal carcinomas (Dukes' B and C) gave us new insights into the genetic mechanisms underlying neoplastic transformation for colorectal cells. RNA extraction and cDNA preparation. Total RNA was extracted from frozen samples using TRIzol reagent (Invitrogen Life Technology Inc., USA) as recommended by the manufacturer. DNA was digested with RNase-free DNase I for 30 min at 37˚C using a DNA-free™ kit (Ambion Inc., USA); following digestion, DNase was then inactivated and removed using DNase inactivation reagent included in the kit. The quality of RNA samples was determined by agarose gel electrophoresis. Only 38 samples, from our tumor bank, which yielded high quality RNA with minimal degradation and clear 28S/18S ribosomal bands, were included in the analysis. Twenty-five tumors of different clinical stage, in addition to 13 normal mucosa specimens, were used for microarray experiments. Normal samples were pooled in equimolar amounts to generate a single standard reference RNA employed as a control in each microarray hybridization. LabelStar Array Kit (Qiagen, CA, USA) was used to obtain labeled cDNA. For half of microarray hybridizations, 50 μg of total RNA isolated from each tumor sample were retrotranscribed and labeled with Cy5-dCTP (Perkin-Elmer Life Science, USA) and cDNA obtained from 50 μg of the standard reference RNA was labeled with Cy3-dCTP (Perkin-Elmer Life Science); the fluorochromes were inverted in the second half of microarrays with the purpose of reducing dye bias.
Materials and methods

Patients and tissue samples.
Microarray hybridization and image acquisition.
Hybridization experiments were performed on SS-Human 19Kv7 microarray (University Health Network Microarray Centre, Ontario, Canada) containing 19,200 probes derived from coding and EST sequences deposited in GenBank. Equivalent amounts of Cy5-cDNA and Cy3-cDNA were combined and hybridized to microarray slides for approximately 18 h at 37˚C. The slides were washed three times with 1X SSC + 0.1% SDS (pre-warmed to 50˚C) for 30 min then twice with 1X SSC for 10 min and finally once for 10 min with 0.1X SSC. Hybridized slides were scanned using the GenePix 4000a Scanner (Axon Instruments, Foster City, CA; facility at the Dipartimento di Istologia, Embriologia e Biologia Applicata, Bologna University, Bologna, Italy) and images acquired by GenePix Pro v5.0 software.
Data analysis.
Twenty-five microarray data sets were sorted and loaded on ExpressConverter v1.5, which enabled us to transform GenePix generated result files into the correct file format (.mev) to be properly used with MIDAS v2.18 (Microarray Data Analysis System) software from TIGR (The Institute for Genomic Research). MIDAS was used to preprocess and normalize (within-slide LOWESS normalization) the raw microarray data; moreover, it creates output for MeV v3.0 (MultiExperiment Viewer) software from TIGR, an application that allows statistical analysis and the identification of genes and expression patterns of interest. Data mining was carried out by EASE (Expression Analysis Systematic Explorer; SAIC-Frederick Inc. Clinical Services Program, Laboratory of Immunopathogenesis and Bioinformatics) which is a powerful tool for rapidly converting the results of functional genomic studies from 'genes to themes' and to automate the process of biological theme determination.
Statistical methods. Using the log 2 ratios of selected genes the reference list was generated by using Student's t-test statistics calculated on the full set of 21 patients. Significantly different expression between tumor and normal mucosa was estimated using a one-class t-test; gene's p-value was determined by forming a distribution based on 10,000 random permutations of the data. The p-value for each gene was scaled by Adjusted Bonferroni Correction, with the aim of correcting for the large number of observations and the consequently increased possibility of considering a gene without a real significant change to be considered significant. We defined those genes with adjusted p<0.001 as informative.
EASE was run using ease score (es) as default metric to rank categories of genes by over-representation. This score is the upper bound of the distribution of Jackknife Fisher exact probabilities. This statistical measure (adjusted by the Bonferroni method) of over-represented gene clusters favors more robust categories than the Fisher exact probability.
Real-time PCR.
To confirm the cDNA microarray results, real-time PCR was performed on 6 patients for 10 genes displaying a clear change in their expression. Reverse transcription was performed on 5 μg of total RNA for 50 min at 42˚C using an oligo(dT)24 primer and Superscript II reverse transcriptase (Invitrogen Life Technology Inc.). Real-time PCR analysis was performed on selected genes using the set of primers reported in Table I . Triple determinations were performed on an ICycler ® from Bio-Rad using Platinum Taq DNA Polymerase and SYBR Green (Invitrogen Life Technology Inc.); GAPDH and actin-ß levels were determined to normalize all samples. Amplification efficiency and error were estimated for each pair of primers by standard curve calculation (derived from serial dilutions of positive cDNA).
Western blot analysis.
To perform Western blot analysis we used the monoclonal antibody MEM-E/02 (BioVendor Laboratory Medicine, Inc., Czech Republic) to HLA-E molecule. Homogenization of tissue samples was carried out in 0.5 ml of lysis buffer (50 mM Tris-HCl, pH 8.0 150 mM NaCl, 0.1% SDS, 0.5% DCS, 1% NP-40, 5 mM EDTA) containing a protease inhibitor cocktail for mammalian tissues (Sigma, USA). Protein lysates were supplemented with 4X sample buffer (250 mM Tris-HCl pH 6.8, 0.8% SDS, 40% glycerol, 0.7 M 2-ß mercaptoetanol) and heated for 5 min at 95˚C; equal amounts of total protein lysate from either tumor tissues and normal colonic mucosa were loaded in each lane and separated in 15% SDS-PAGE; proteins were then electroblotted onto nitrocellulose membranes of 0.45 μm pore size and the membranes blocked by incubation with PBS containing 0.2% Tween-20 and 5% BSA. Following homogenization, protein lysates were quantified by Bradford method, separated by electrophoresis and finally transferred onto nitrocellulose membrane. The membranes were probed with anti HLA-E antibody (diluted 1:3,000) and anti-GAPDH (Ambion Inc.) as loading control protein diluted 1:10,000 for 1 h at room temperature. After washing, membranes were incubated for 45 min at room temperature with goat anti-mouse alkaline phosphatase (Jackson Immunoresearch Lab. Inc., USA) and washed thoroughly. Signals were detected using BCIP/NBT color development substrate (Promega, USA).
Immunochemistry analysis. Monoclonal antibody to HLA-E (BioVendor Laboratory Medicine) was applied on colon tissue fixed sections using an indirect immunostaining technique. In brief, section were deparaffinized and hydrated, endogenous peroxidase activity was quenched by incubation with 2% H 2 O 2 in methanol for 10 min. Rehydrated sections were incubated overnight at 4˚C with primary antibody and for 30 min at room temperature with biotinylated anti-mouse IgG diluted in PBS containing 1% normal horse serum. The immunostaining reaction was developed using Vectastain ® ABC Reagent (Vector Laboratories, Inc., USA) and NovaRED™ substrate solution (Vector Laboratories, Inc.). Sections were finally counterstained with hematoxylin, dehydrated and permanently mounted in non-aqueous mounting media.
Results
The mRNA expression profiles of 25 primary human colorectal tumor tissues were determined by comparison with a reference RNA pool from normal mucosa using 19,200-element cDNA microarrays; Table II illustrates the clinical characteristics of patients in this study.
In our experimental design, cDNA arrays were used as a two-label system in which two RNA samples were separately labeled, mixed, and hybridized together on each array. Table I . Primers of GAPDH, actin-ß (housekeeping genes) and 10 deregulated genes confirmed with quantitative reverse transcription-PCR.
Accession number Forward and reverse primers
Fluorescence intensity data were acquired and stored for 25 microarrays representing 25 colorectal tumor specimens compared to normal mucosa. Acquired data were initially pre-processed by image analysis using GenePix software; then with the aim of selecting solid reliable data, arrays were excluded from the analysis when >50% of all genes were accompanied by 'absent' or 'bad' flags. The remaining 21 microarrays were further processed using MIDAS software. With the purpose to enable other users to comprehensively interpret and evaluate our results, original tables of complete microarray results are available in the supplementary data (see the GEO website at http://www.ncbi.nlm.nih.gov/ projects/geo/; accession number: GSE3294). The application of MIDAS criteria led us to select 4,095 sequences differentially expressed in tumor samples as compared to normal mucosa (21% of total genes and ESTs present in each initial array). Approximately 50% of these are known genes.
Functional categorization. We used EASE to assign the differentially expressed sequences to functional categories. A cut-off filtering criterion was employed: we considered only those genes with an average change (mean of 21 values) >1.5-fold induction or repression (1,306 genes). As expected, genes chosen for functional categorization reflect the heterogeneity in cell composition of colon samples. In addition to genes belonging to colon epithelial cells, we found genes that are known to be expressed in stromal cells (e.g. COL1A2, MMP2, TIMP3) smooth muscle cells (e.g. CNN3, MYH9) and immune system cells (e.g. DEFB1, IGHM). A high percentage of over-expressed genes in cancer tissue related to inositol/phosphatidylinositol kinase activity (es = 0.006) and apoptosis inhibitor activity (es = 0.022) (Table III) . On the other hand, decreased genes in cancer tissue belonged predominantly to the mitochondrion (es = 0.005) and ribosome clusters (es = 0.008) (Table III) .
Global expression analysis of genes in CRC patients.
In an effort to reduce the large dataset obtained by application of MIDAS criteria (4,095 cDNA clones) we carried out a statistical analysis based on a one-class t-test design. We were thus able to identify 584 known genes (3% of total genes and ESTs present in each initial array) differentially expressed to a significant degree (p<0.001) in colon cancer compared to non-neoplastic colon mucosa. Here, we report a list (Table IV) limited to those genes showing at least an average fold change ≥2 (88 genes, 76 of which up-regulated and 12 down-regulated). Many of the transcripts that were more abundant in tumors than in non-neoplastic tissues, appear to reflect important events for colon carcinogenesis ( Fig. 1) : for example ITGA2 and VEGF which are known Table II . Clinical and histological characteristics of analysed patients. 
a Grade: G, good; M, moderate; P, poor.
b Lymph node: yes, regional lymph node invasion; no, absent regional lymph node invasion.
-
to induce angiogenesis; BIRC1 and BIRC6 known to be apoptosis inhibitor factors; SMURF2 which induces the ubiquitination and degradation of Smad2, which is an important mediator of the antiproliferative signal triggered by TGF-ß1 receptor; PIK3 and EIF4eL3 which play an important role in cell proliferation. Genes that proved more highly expressed in normal colon mucosa than in colon cancers are also of considerable interest: for example, B2M and DEFB1 involved in the immune response, CASP3 and DIABLO known to be important mediators of apoptosis.
Validation studies. Quantitative real-time PCR was used to confirm the reliability of the microarray results. We chose 5 sequences found to be up-regulated in colorectal cancer at microarray analysis (SMURF2, EIF4eL3, PIK3, SLC16A1 and F11R) and 5 sequences whose expression appeared to decrease (MT1G, B2M, CASP3, TIMP3 and DSC3). The results from real-time PCR showed changes in gene expression consistent with microarray data (Fig. 2) .
HLA-E was chosen for protein expression validation because alterations of it may be involved in an interesting tumor escape strategy from immune surveillance in colon cancer tissues. Using a commercial monoclonal antibody, we used Western blotting to compare HLA-E protein expression in cancer vs. mucosa samples. Protein production for analyzed tumor samples was consistent with mRNA levels measured by microarray (Fig. 3) .
Furthermore, HLA-E expression and tissue distribution was determined in colorectal cancer and normal mucosa samples by immunohistochemical assay. Strong positivity to anti-HLA-E mAb was seen in epithelial cells, while weak staining for anti-HLA-E mAb was observed in sections of normal mucosa used as negative controls (Fig. 4) . In some tissue areas an increase was also detected in HLA-E expression intensity involving the plasma membrane of colon lumen epithelial cells.
Discussion
Colorectal cancer carcinogenesis implies various different genetic programs that we have tried to clarify by gene expression profiling analysis.
For the first time a group of Argentine CRC patients were studied at a genomic level. Using the cDNA microarray, we examined the differences in overall gene expression profiles in the tumor microenvironment of CRC tissues from 21 patients who underwent surgical resection as compared to normal mucosa. Since molecular analysis of cells in their Table III . Functional categories of known genes with >1.5-fold increasing (up) or decreasing (down) expression from tumor to normal tissue. 
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a The EASE score is the default metric used by EASE to rank categories of genes by over-representation.
b Genes in the total group of genes assayed that belong to the specific gene category. Table IV . The most significant (p<0.001) known genes that show up-or down-regulation in CRC when compared with normal colon. In the present study, comparing the gene expression profiles of colorectal cancer and normal mucosa we were able to identify 1,306 known genes that displayed different levels of expression (defined as >1.5-fold up-or down-regulation) and were ascribable to a broad range of functional categories. Of the up-regulated genes, the most represented cluster belonged to inositol/phosphatidylinositol kinase activity (Table II) . This finding is especially noteworthy, since genetic alterations of the phosphatidylinositol 3-kinase (PI3-kinase) pathway Table IV . Continued.
-----------------------------------------------------------------------------------------------------
-----------------------------------------------------------------------------------------------------Increased in colon cancer Gene symbol Gene name Chromosome Average fold change a -----------------------------------------------------------------------------------------------------
-----------------------------------------------------------------------------------------------------Increased in colon cancer Gene symbol
Gene name Chromosome Average fold change a 
-----------------------------------------------------------------------------------------------------
.00 -----------------------------------------------------------------------------------------------------Decreased in colon cancer Gene symbol
Gene name Chromosome Average fold change -
have been detected in diverse human cancers (13) . PI3Ks, which consist of an 85 kDa regulatory subunit and a catalytic 110 kDa subunit, play critical roles in mitogenic signaling; the alteration of this pathway has been shown to play a pivotal role in the tumorigenesis of colon cancers (14) (15) (16) . Inhibition of the PI3K signaling pathway components by chemical agents could be a target area for drug development in the treatment of colon cancer. The second most represented gene category among up-regulated genes was apoptosis inhibitor activity. Deregulation of apoptotic pathways contributes to neoplastic diseases by preventing or delaying normal cell turnover, thus promoting cell accumulation. Defects in apoptosis also facilitate tumor progression, by rendering cancer cells resistant to death mechanisms relevant to metastasis (17) . In our study, a cluster of 5 anti-apoptotic genes (Table II) were up-regulated in cancer cells; of these, BIRC1 and BIRC6 encode for proteins known as IAPs (inhibitor of apoptosis proteins) which represent a family of Figure 1 . Graphical overview describing functional categories of known genes with increasing or decreasing expression from normal tissue to tumor in at least 80% of analyzed patients. The majority of genes involved in angiogenesis, cell proliferation and anti-apoptotic signal show increasing expression. Details are available in the supplementary data (see the GEO website at http: //www.ncbi.nlm.nih.gov/projects/geo/; accession number: GSE3294).
evolutionarily conserved apoptosis suppressors (18) . IAPs are known to act as endogenous inhibitors of the cell death proteases, directly suppressing caspases. This mechanism could represent a tumor strategy for achieving apoptosis resistance (19) . Consistent with this repressed apoptotic phenotype we found that an endogenous antagonist of the IAPs, named DIABLO, was down-regulated in our colon cancer samples. DIABLO is known to keep the apoptosissuppressor inhibited thus resulting in a more repressed apoptotic phenotype (20, 21) . From such results it appears evident that up-regulated genes in CRC are mainly involved in two major physiological pathways, i.e. cell proliferation and apoptosis. Emerging knowledge on the proteins that promote proliferative and anti-death signals may afford multiple new opportunities for therapy, including discovery and development of new anticancer agents, as well as potentially more effective exploitation of existing ones.
The genes that we identified as being under-expressed in colon tumor versus normal mucosa are involved in a variety of functions but essentially encode for proteins that may be grouped under two main functional headings: the mitochondrial protein family and the ribosome family (Table II) . It has been shown previously that the mitochondrion, long considered an organelle specific to energy metabolism, is in fact multi-functional and involved in many diseases (22, 23) . As already hypothesized by Ohta (24) mitochondrial DNA (Table I) . Expression analyses are shown for 10 selected genes using pools of normal tissue and single samples of Dukes' stage B and C adenocarcinomas (6 patients were analyzed). The y-axis shows expression intensity 'fold changes' derived from microarray and qRT-PCR respectively. The error bars indicate the variations between the single determinations. Figure 3 . Western blot analysis of whole lysates of human colon cancer tissues (sample numbers of tumors refer to samples previously analyzed on microarrays) and normal colon mucosa (pool of 6 non-cancerous tissues) with the aim of assessing the relative change in HLA-E concentration. Immunodetection was carried out as described in Materials and methods. As shown in the figure, HLA-E (~43 kDa) expression was increased (corrected for GAPDH expression) in all analyzed tumor tissues. Relative band intensity quantification was carried out by Image J v1.34n (NIH, USA).
accumulates somatic mutations during the progression of cancer. Although little is known about the contribution of mitochondrial mutations to carcinogenesis, one possible cause of CRC carcinogenesis, as suggested by BirkenkampDemtroder et al (25) might be located at a mitochondrion level, where DNA damage accumulates more rapidly.
Although increased protein synthesis is usually associated with neoplastic transformation, we found that many genes encoding for ribosomal proteins were decreased in cancer tissue. Since ribosome biogenesis and translation control are essential cellular processes governed at numerous different levels (26, 27) , it could be speculated that the expression pattern for genes involved in these processes is tumorspecific. It may plausibly be imagined that alterations to the protein synthesis machinery underlie the cancer phenotype. Consistent with this hypothesis, we found several genes involved in translational control, such as eukaryotic translation initiation factor 4e-like 3 (eIF4eL3), which shows a significant over-expression in cancer tissue with the highest level of up-regulation in stage III colorectal adenocarcinomas. eIF-4eL3 is a rate-limiting factor for the initiation of cap-dependent mRNA translation by the eIF-4F translation initiation complex, which in turn dramatically impacts upon the quantitative expression of key malignancy-related genes (28, 29) . elF-4eL3 acts like elF-4e, which is known to be overexpressed in various solid tumors, including breast, bladder, cervical, and head and neck cancers (30) and only barely detectable in certain highly proliferative and aggressive neoplasms (e.g. squamous cell carcinoma of the lung and melanoma) (31) . It is hence reasonable to consider elF-4eL3 itself in the same light. This, and other data from the literature suggesting an eIF-4e role in colon tumorigenesis (32) make it a possible new marker for use in chemotherapy intervention studies in patients with colorectal cancer. MEM-E/02 (BioVendor Laboratory Medicine, Inc.) mAb for HLA-E molecule was first tested at several dilutions in order to determine the optimal dilution to be used. Non-specific binding was prevented by applying 10% normal horse serum in PBS for 20 min at room temperature. Slide sections were incubated with primary Ab diluted 1:50 overnight at 4˚C. With human anti-HLA-E antibody there is strong staining in the luminal epithelium of cancer tissues (a-c) but no significant staining in normal colon sections (d). As shown at a higher magnification (c), epithelial cells in the colon sections are positively stained with enhanced staining of the membrane surface. Figure 5 . Overview of cancer gene pathways. The major pathways regulating cell birth, cell death and immune response are depicted as black ovals. The schema emphasizes the genes that have been shown to be altered in CRC human tumors, though many other genes participate in these pathways. Additionally, some of these genes appear in more than one pathway and there is substantial 'cross-talk' between pathways. More detailed information on these pathways can be found in several comprehensive reviews (41) .
One intriguing aspect, usually unnoticed when considering specific carcinogenesis, is the association between oncogenic transformation and alteration of various components of the immunological machinery. In our study, the top-ranking genes across all samples studied were the two elements, known to be involved in immune system machinery: human leukocyte antigen E (HLA-E) and ß2-microglobulin (B2M). As can be seen from Table IV, B2M was the most decreased gene while HLA-E was the second most increased gene in a CRC environment. No previous work was found in the literature describing this simultaneous HLA-E up-regulation and B2M down-regulation. Such an expression pattern might hypothetically represent a tumor escape strategy in colorectal cancer. In this connection, HLA-class I molecules are composed of two non-covalently associated glycoproteins. The larger 44-kDa heavy chain is the product of HLA-A, -B, and -C (class Ia) and HLA-E, -F, and -G (class Ib) genes, while the smaller 12-kDa chain is the product of the ß2-microglobulin gene. A complex of these two glycoproteins together with a peptide formed from degraded endogenous proteins, is expressed at the cell surface to enable the peptide to be presented to specific receptors on the surface of cytotoxic T cells (33) . HLA-class Ib molecules (HLA-E, -F, -G) differ from the classical Ia molecules (HLA-A, -B and -C) in that the former show limited polymorphism, low cell expression and limited tissue distribution. Several studies have shown that some tumors lack cell surface expression of HLA-class Ia molecules (haplotype HLA loss) suggesting that this is one mechanism by which tumor cells escape immune recognition by cytotoxic T cells (34) . However, loss of HLA-class Ia surface expression correlates with a better prognosis in colorectal cancer patients -a better prognosis which may be caused by elimination of HLA-negative cells by natural killer (NK) cells (35) . Attack by natural killer cells is a balance between positive and negative signals, with different NK cell receptors mediating inhibition or activation respectively (36, 37) . In this context, as previously demonstrated by others, HLA-E migrates to the cell surface, where it can interact with CD94/NKG2A receptors on natural killer cells (38, 39) . This interaction inhibits natural killer cell-mediated lysis; in our study we found an increased HLA-E expression in cancer tissue, which is consistent with a less vulnerable tissue to lysis by NK cells. Moreover, we observed simultaneous B2M down-regulation. This finding is quite controversial, since B2M availability gives rise to HLA-E cell surface expression in tumor cell lines (40) . However, we hypothesize that the weak expression of B2M molecule in tumor cells may convert it into a limiting factor for HLA molecule cell surface expression. This event could favor the immune escape mechanism in colon tumor cells of the kind we are studying. In fact, the competition for B2M becomes a critical event, conferring a considerable advantage on HLA-E molecules due to its substantial over-expression in tumor cells. In short, tumor cells exhibit complex HLA-class I alterations that may simultaneously inhibit CTLs, by losing the restriction element, and NK cell activity, by expressing HLA-E at the cell surface.
In conclusion, understanding the molecular alterations in colorectal cancer is urgently needed to define new biomarkers and treatment targets. To the best of our knowledge, this is the first work on over-expression for transcripts such as SMURF2, BIRC1, BIRC6 and eIF-4eL3; no information as to their involvement in CRC carcinogenesis is available in the literature. According to the data provided here, they might form novel potential tumor targets for chemotherapy strategies (Fig. 5) .
Again, interesting insights consistent with a potential tumor escape mechanism from both 'innate' and cellular specific immune response have been reported. Thus far there are no expression studies in vivo on human CRC tissues reporting similar results; the complexity of the immune network and the still enigmatic host-tumor interactions make this task both challenging and fascinating. In particular, the acknowledged synergism between innate and adaptive immune responses is leading to a more comprehensive immunotherapeutic approach, taking into consideration the multiple variables determining the ultimate outcome of the immune response against malignant cells. A real functional meaning for the mechanism caused by HLA-E needs to be validated. Its actual in vivo over-expression should be checked and correlated with the effectiveness of immunotherapy protocols used in CRC patients.
